Effects of field beans with various tannin content (T) and exogenous enzyme containing 14 tannase, pectinase and xylanase activities on N-corrected dietary apparent metabolisable 15 energy (AMEn), coefficients of dry matter (DMR) and nitrogen (NR) retention, fat 16 digestibility (FD), gastrointestinal tract (GIT) development, jejunal villus morphometry, ileal 17 digesta viscosity and sialic acid (SA) were examined. Birds' growth performance and energy 18 conversion ratio (ECR) were also measured. Birds were fed one of eight mash diets. A control 19 diet was prepared that had major ingredients of 400.0 g/kg wheat and 127.0 g/kg soybean 20 meal (SBM), and contained 221 g/kg CP and 12.83 MJ/kg metabolisable energy in agreement 21 with breeder's recommendation. To reduce nutrient density the control diet also contained 22 119.1 g/kg washed sand. Another three diets containing 300 g/kg of each of three 23 experimental field bean cultivar samples in replacement for soybean meal and sand were also 24 mixed in order to have metabolisable energy and CP in a range similar to the control diet. 25
119.1 g/kg washed sand. Another three diets containing 300 g/kg of each of three 23 experimental field bean cultivar samples in replacement for soybean meal and sand were also 24 mixed in order to have metabolisable energy and CP in a range similar to the control diet. 25
Each diet was fed to nine pens with two Ross 308 male broilers following randomisation. 26 Diets high in T had low (P<0.001) N-corrected apparent metabolisable energy (AMEn), ECR, 27 DMR and NR. Feeding field beans increased (P<0.001) the weights of the pancreas and the 28 proventriculus and gizzard (PG) of the birds. Supplementing diets with the enzyme mixture 29 containing tannase, pectinase and xylanase activities improved (P<0.001) feed conversion 30 efficiency, AMEn and all nutrient utilisation coefficient despite the T in diets. The enzyme 31 mixture reduced ileal digesta viscosity (P<0.001) and the weight of the pancreas, the total GIT 32 and the PG (P<0.05) of the birds. It can be concluded that the feeding value of field beans 33 with different T contents may vary when fed to broilers. The enzyme mixture 34 supplementation improved feeding value of diets for broilers. The beneficial effect of the 35 addition of enzyme mixture containing tannase, pectinase and xylanase activities to poultry 36 diets seems to be mediated through reduced ileal digesta viscosity and improved nutrient 37 availability. 38
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Introduction 43
Continuous increase in the demand for soybean meal has led to raising its price, particularly Room temperature and lighting program followed breeder's recommendations (Aviagen Ltd., 143
Edinburgh, UK). Feed and water was offered ad libitum to birds throughout the experiment. 144
Each diet was offered to birds in 9 pens in a randomised block design. Information on growth 145 performances was obtained from 14 to 21d age. Excreta were collected quantitatively for the 146 last four days of the study from 17 to 21d age and feed intake was also recorded. The gross 147 energy, dry matter, nitrogen, and fat of each dried excreta sample and the experimental diets 148 were determined as described for the field bean samples. The AMEn of the diets was 149 calculated as described by Hill and Anderson (1958). The energy conversion ratio (ECR) was 150 determined as the AMEn ingested to achieve the weight gain over the weight gain for the 151 experimental period. The coefficients of total tract fat digestibility (FD), dry matter (DMR) 152 and nitrogen retention (NR) were determined as the difference between intake and excretion 153 (retention) of the nutrient divided by their respective intake. 154
The energy conversion ratio (ECR) was also determined as the AMEn ingested to achieve the 155 weight gain over the weight gain for the experimental period (Whiting et al., 2016). It 156 describes the relative efficiency of the use of metabolisable energy for growth, rather than 157 heat loss, implicit that a more efficient energy use towards growth is related to a lower ratio. 158
The mucin secretions in excreta were measured using the concentration of the sialic (SA) as a 159 On the last day of the study, at 21 days of age, the two birds in each pen were weighed and 171 killed by cervical dislocation. The ileal digesta from both birds in each pen were collected and 172 pooled, then centrifuged (10 000g for 2 min). The viscosity of the supernatant (in centipoise 173 (cP) units) was measured using a rotating cone and cup viscometer (model DV -II + LV, 174
Brookfield Engineering Laboratories, USA) as described by Bedford and Classen (1992) . 175
Gastrointestinal tract development and ileal villus morphometry 176
The relative empty weights of GIT segments including proventriculus, gizzard, small intestine 177 and pancreas of each bird were also determined as previously described (Amerah and 178 test was performed to compare the control diet with the mean of three field bean diets and the 199 interaction with exogenous enzymes. In all instances, differences were reported as significant 200 at P ≤0.05. Tendencies towards significance (P ≤0.1) were also reported. 201
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Results 202
The field bean compositions are summarised in Table 2 . The amount of CP was more variable 203 than the ether extract content, and ranged from 244.6 to 304.5 g/kg DM, respectively. The 204 total phenols and tannins, as tannic acid equivalent, and condensed tannins, as leucocyanidins, 205 varied between 6.9 to 10.9, 6.1 to 8.3, and 4.5 to 7.3 g/kg DM for Maris Bead and Sultan, 206
respectively. 207
The mean total NSP content of the field bean samples was 179.6 g/kg DM, comprising 42.5 208 g/kg DM of soluble and 137.1 g/kg DM of insoluble NSP, respectively (Table 3) There were no mortalities, and the overall weight of the birds was 0.867 kg (data not in 216 tables), and in agreement with breeder's recommendation (Aviagen Ltd, Edinburgh, UK) 217 (Table 4) . Birds fed control diet had higher (P <0.001) daily FI and WG, compare to the birds 218 fed the rest of the diets. Diet containing cultivar Sultan had low FCE compared to the rest of 219 the diets (P<0.001). Feeding the enzyme mixture tended (P=0.090) to reduce daily FI, and 220 improved dietary FCE by 3.5% (P<0.001) compared to non-supplemented diets. Orthogonal 221 comparison contrast test showed that birds fed bean containing diets had higher (P<0.001) FI 222
and WG compared to the control, but no significant difference was detected for FCE. There 223 were no significant differences in diet formulation x enzymes interactions. 224
The results on dietary available energy and nutrient utilisation are summarised in Table 5 . 225
Sultan containing diets had relatively low metabolisable energy and nutrient utilisation 226 coefficients compared to the rest of the field beans containing diets (P<0.001). Feeding the 227 enzyme mixture improved dietary AMEn by 0.56 MJ/kg DM (4.1%) (P<0.001). Enzyme 228 supplementation also improved (P<0.001) GE metabolisability, DMR, NR and FD by 3.8%, 229 3.6%, 2.5% and 9.0%, respectively. The means of the three field bean diets for AMEn, ECR, 230 and DMD were higher (P<0.001) and NR lower than the control diet. The enzyme mixture 231 improved FD (P<0.001), although did not affect AMEn:GE ratio. However, the AMEn:GE 232 ratio was changed by dietary formulation (P<0.001), as diet based on Sultan had higher, 233 although the control diet has lower ratio, compared to the rest. There were no significant 234 differences in diet formulation x enzymes interactions. 235
Feeding the experimental diets did not significantly influence the relative weight of the small 236 intestine of the bird (Table 6 ). Dietary inclusion of beans increased the weight of the PG 237 compared to control fed birds. Birds fed the control diet had smaller (P<0.05) pancreas 238 compared to the rest. Overall, enzyme mixture supplementation reduced (P<0.05) the weights 239 of the GIT, PG and the pancreas, but did not influence significantly the small intestine. 240
Contrast test showed that compared to the control, birds fed bean containing diets had 241 increased pancreas (P<0.001), proventriculus and gizzard (P<0.001), and total GIT (P<0.05), 242 although none of the treatments changed weight of the small intestine. There was no 243 significant diet formulation x enzymes interactions. 244
Dietary enzyme mixture reduced (P<0.001) viscosity by 46.5% (Table 7) . Feeding diets 245
containing Sultan (high in T), reduced (P=0.005) the concentration of SA in excreta compared 246 to the rest of the diets. Feeding enzyme however, did not influence SA concentration, but 247 reduced total SA secretion by 9.4% (P<0.001). Compared to the mean of the bean diets 248 feeding the control diet increased (P<0.05) ileal digesta viscosity (8.31 vs 6.78 cP), and total 249 SA (P<0.001) (329 vs 257). No significant diet formulation x enzymes interactions were 250 observed. 251
The results on jejunal histomorphological parameters are presented on 
Discussion 260
The purpose of the experiment reported in this paper was to determine whether tannase-261 containing enzyme could be used to improve available energy and nutrient utilisation in field 262 bean containing diets when fed to growing broiler chicks. It was important to evaluate 263 exogenous tannase efficiency using different field bean cultivar samples because of the large 264 variation in the agronomic production and chemical composition of beans available to the 265 animal feed industry. 266
The sample of bean cultivar Sultan had higher tannin and soluble NSP contents, followed by 267 reported reduced bacterial number in excreta when birds were fed tannin containing diets. 277
However, the birds in this study were not under specific microbial challenge, so gut health 278 benefits from dietary tannin contents were not expected. 279
Tannins can form complexes with proteins and bind to enzymes, thus tannins may stimulate 280 pancreatic secretion in a manner analogous to that of proteinase inhibitors from legume seeds 281 (Griffiths, 1980), suggesting an explanation on the increased pancreas size in birds fed field 282 bean containing diets compared to the control fed birds in this study. This is in agreement 283 with previous reports that also found an increased pancreas in broilers fed high-tannin diets 284 The multi enzyme preparation used in this study had not only tannase, but also xylanase, 288 amylase, pectinase and galactosidase activities. The novel aspect of this experiment was to 289 study the effect of the tannase in diets that varied in tannin contents. The control diet was 290 formulated to contain no tannins so no effect of tannase was expected. However, the bean 291 based diets had different tannins contents thus different responses to tannase were expected. A 292 previous report demonstrated that tannase was effective in improving the nutrient availability 293 and performance of broilers fed a diet containing a high tannin field bean sample (Abdulla et  294 al., 2016a, b). No enzyme by diet interaction was observed in the present study and the 295 feeding value of all diets was improved with the same magnitude. Therefore, the potential for 296 tannase alone to improve feeding value of diets was not dependent upon the tannin content 297 and the other enzyme activities, most likely xylanase, may have been more important. Values within a column with different superscripts differ significantly at P≤0.05.
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* As there were no significant (P>0.05) diet formulation x enzymes interactions only the main treatment factor 652 effects are presented in the table.
